Molodtsov [D. Molodtsov, Global optimization, control, and games, III, Comput. Math. Appl., 37 (1999), 19-31] studied the concept of soft sets. The concept of soft sets is introduced as a general mathematical tool for dealing with uncertainty. In this paper, we give some basic relations about different classes of soft sets and soft closure operator. The purpose of this paper is to introduce soft extremally disconnected spaces via soft sets. Furthermore, some relations of soft sets and soft closure via soft extremally disconnected spaces have been investigated.
Introduction and preliminaries
The concept of soft sets was first constructed by Molodtsov [16] in 1999 as a general mathematical tool for dealing with uncertain objects. He successfully applied the soft set theory in several directions of mathematics, such as smoothness of functions, game theory, operations research, Riemann integration,The triple (X, τ, A) is said to be a soft topological space (or soft space) over X. Every member of τ is called a soft open set in X. The complement of any soft open set in X is called a soft closed set in X. Arbitrary soft union of soft open sets is soft open and finite soft intersection of soft closed sets is soft closed. Definition 2.10. Let (X, τ, A) be a soft topological space and let (F, A) be a soft set over X. Then 1. The soft closure of (F, A) is the soft set defined bỹ scl(F, A) =∩{(G, A) : (G, A) is a soft closed set and (G, A)⊆(F, A)}.
Clearlyscl(F, A) is the smallest soft closed set over X which contains (F, A) [18] . 2. The soft interior of (F, A) is the soft set defined bỹ Lemma 2.11 ([9] ). Let (F, A) be any soft subset of a soft topological space (X, τ, A). Theñ scl(F, A) = X\sint(X\(F, A)) andsint(F, A) = X\scl(X\(F, A)). ([20] ). Let (X, τ, A) be a soft topological space. Then for every soft open set (U, A) and every soft subset (F, A) of X, we havescl(F, A)∩ (U, A)⊆scl((F, A)∩ (U, A)). [19] (resp. soft α-closed [1] , soft semiclosed [4] , soft preclosed [10] , soft b-closed [2] and soft β-closed [3] ). Definition 2.15. For any soft topological space (X, τ, A), we denote the family of all soft regular-open (resp. soft α-open, soft semiopen, soft preopen, soft b-open, soft β-open, soft regular-closed, soft closed, soft semiclosed, soft preclosed, soft b-closed and soft β-closed) sets of a soft space X by SRO(X) (resp. SαO(X), SPO(X), SSO(X), SBO(X), SβO(X), SRC(X), SC(X), SPC(X), SSC(X), SBC(X) and SβC(X)). Definition 2.16. Let (X, τ, A) be a soft topological space and let (F, A) ∈ SS(X) A . Then the soft α-closure [1] (resp. soft preclosure [10] , soft semiclosure [4] , soft b-closure [2] and soft β-closure [3] ) of (F, A) is the soft intersection of all soft α-closed (resp. soft preclosed, soft semiclosed, soft b-closed and soft β-closed) sets of (X, τ, A) containing (F, A) and is denoted bysαcl(F, A) (resp.spcl(F, A),sscl(F, A),sbcl(F, A) and sβcl(F, A)). Definition 2.17. Let (X, τ, A) be a soft topological space and let (F, A) ∈ SS(X) A . Then the soft α-interior [1] (resp. soft preinterior [10] , soft semiinterior [4] , soft b-interior [2] and soft β-interior [3] ) of (F, A) is the soft union of all soft α-open (resp. soft preopen, soft semiopen, soft b-open and soft β-open) sets of X contained in (F, A) and is denoted bysαint(F, A) (resp.spint(F, A),ssint(F, A),sbint(F, A) and sβint(F, A)). Theorem 2.18. Let (F, A) be any soft subset of a soft topological space (X, τ, A). Then the following statements hold:
Lemma 2.12
Theorem 2.19 ([20] ). For any soft subset (F, A) of a soft topological space (X, τ, A), then (F, A)∈ SβO(X) if and only ifscl(F, A)∈ SRC(X).
Some examples of soft topological spaces are as follows.
Example 2.20. Consider the space X = {a 1 , a 2 , a 3 } and A = {e 1 , e 2 } with the topology A) and (F 7 , A) are soft sets over X, defined as follows:
Then τ defines a soft topology on X. Hence (X, τ, A) is a soft topological space over X. The soft sets (G 1 , A) and (G 2 , A) in (X, τ, A) are defined as follows:
Example 2.21. Let X = {a 1 , a 2 , a 3 , a 4 } and A = {e 1 , e 2 } with the topology τ = {φ,X, (F 1 , A), (F 2 , A), (F 3 , A)} where (F 1 , A), (F 2 , A) and (F 3 , A) are soft sets over X, which is defined as follows:
Then τ defines a soft topology on X and hence (X, τ, A) is a soft topological space over X. The soft sets (G 1 , A) and (G 2 , A) in (X, τ, A) are defined as follows:
, A) and (F 3 , A) are soft sets over X, which is defined as follows:
Then τ defines a soft topology on X and hence (X, τ, A) is a soft topological space over X.
Example 2.23. Let X = {a 1 , a 2 }, A = {e 1 , e 2 } and τ = {φ,X, (F 1 , A), (F 2 , A), (F 3 , A)} where (F 1 , A), (F 2 , A) and (F 3 , A) are soft sets over X, which is defined as follows:
Relations onscl operator
In this section, we obtain more relations on the notion ofscl operator. Lemma 3.1. Let (F, A) and (K, A) be any soft subsets of a soft topological space (X, τ, A).
Proof. It is obvious.
Remark 3.2. Let (F, A) be any soft subset of a soft topological space (X, τ, A). Then
So by using Lemma 3.1, we havẽ Proof. This is shown in Lemma 3.3 by the fact that every soft preopen set is soft β-open. Proof. By (1) of Theorem 2.18 and Lemma 3.5, we havẽ
By using (3) of Remark 3.2 with Lemma 3.6, we have the following corollary.
Lemma 3.8. Let (F, A) be a soft subset of a soft space (X, τ, A). Then the following statements hold:
Proof.
(1): Let (F, A)∈ SSO(X), then by applying Lemma 3.5 and (1), (2) and (3) of Theorem 2.18, we obtain that
On the other hands
which completes the proof. Lemma 3.9. Let (F, A) be any soft subset of a soft topological space (X, τ, A), then (F, A)∈ SβO(X) if and only if scl(F, A) =scl(sint(scl(F, A))).
Conversely, suppose thatscl(F, A) =scl(sint(scl(F, A))). This implies that
Hence (F, A)⊆scl(sint(scl(F, A))). Therefore, (F, A)∈ SβO(X).
Lemma 3.10. For any soft subset (F, A) of a soft topological space (X, τ, A), then
On the other hand, sincesint(F, A)⊆scl(sint(F, A)) implies thatsint(F, A)⊆sint(scl(sint(F, A))) and hencescl(sint(F, A))⊆scl(sint(scl(sint(F, A)))). Therefore,scl(sint(scl(sint(F, A)))) =scl(sint(F, A)).
(2): The proof is similar to (1).
Theorem 3.11. Let (F, A) be any soft subset of a soft topological space (X, τ, A). Then
(F, A)∈ SβO(X) if and only ifscl(F, A)∈ SSO(X).

(F, A)∈ SβO(X) if and only ifscl(F, A)∈ SβO(X).
(F, A)∈ SβO(X) if and only ifscl(F, A)∈ SBO(X).
Conversely, letscl(F, A)∈ SSO(X). Then by Lemma 3.5,scl(scl(F, A)) =scl(sint(scl(F, A))) which implies thatscl(F, A) =scl(sint(scl(F, A))) and hence by Lemma 3.9, (F, A)∈ SβO(X).
and hence by (1), (F, A)∈ SβO(X).
(3): Let (F, A)∈ SβO(X), so by (1),scl(F, A)∈ SSO(X)⊆ SBO(X). Soscl(F, A)∈ SBO(X). Conversely, let scl(F, A)∈ SBO(X)⊆ SβO(X), thenscl(F, A)∈ SβO(X) and thus by (2), (F, A)∈ SβO(X).
Lemma 3.12. Let (X, τ, A) be any soft topological space and let (F, A)∈ SS(X) A . Then (F, A)∈ SPO(X) if and only ifsscl(F, A) =sint(scl (F, A) ). (F, A) )). Sincesint(scl(F, A))∈ SRO(X) and SRO(X)⊆ SSC(X) in general, sosint(scl(F, A))∈ SSC(X) and hencẽ
Sosscl(F, A)⊆sint(scl (F, A) ). On the other hand, by (2) of Theorem 2.18, we havẽ (F, A) ) and hence
which implies that (F, A)⊆sint(scl (F, A) ). Therefore, (F, A)∈ SPO(X). Proof. The proof is obvious and hence it is omitted. Theorem 3.14. Let (X, τ, A) be a soft topological space. If (F, A) is soft open subset of X and (K, A) is any soft subset of X, thens
Proof. It is enough to provesint(scl(F, A))∩sint(scl(K, A))⊆sint(scl((F, A)∩ (K, A))) since the converse is similar to Lemma 3.13. Since (F, A) is soft open subset of a soft space X, then by using Lemma 2.12, we haves
). This completes the proof.
From Theorem 3.14, we have the following corollary. G, A)∪ (H, A)) ).
Proof. The proof is similar to Corollary 3.15 taking (F, A) = X\(G, A) and (K, A) = X\(F, A).
Soft extremally disconnected spaces
In this section, we introduce a new class of soft space called soft extremally disconnected, and we obtain several characterizations of soft extremally disconnected spaces by utilizing classes of soft sets. In the following theorem, a soft extremally disconnected space X is equivalent to every two disjoint soft open sets of X have disjoint soft closures. A) and (H, A) of X. A)∪ (H, A) ) for every soft closed subsets (G, A) and (H, A) of X.
4.sint(G, A)∪sint(H, A) =sint((G, A)∪ (H, A)) for every soft regular-closed subsets (G,
5.sint(G, A)∪sint(H, A) =sint((G,
Proof.
(1) ⇒ (2): Let (F, A) and (K, A) be any two soft open subsets of a soft extremally disconnected space X. Then by Corollary 3.15, A)∪ (H, A) ). (X) . Since X is soft extremally disconnected, then by (2) of Theorem 4.14, scl(V, A)∈ τ. Hence by applying Lemma 2.12 and Lemma 3.5, we obtain that A)∩(V, A) ). A)∩scl(V, A) =scl((U, A)∩ (V, A) ).
sint(scl(G, A))∪sint(scl(H, A)) =sint(scl((G, A)∪ (H, A))).
This implies thatsint(G, A)∪sint(H, A) =sint((G,
scl(U, A)∩scl(V, A) =scl(sint(U, A))∩scl(V, A) ⊆scl(sint(U, A)∩scl(V, A)) ⊆scl((U,
Therefore,scl(U,
(3) ⇒ (1): Conversely, let (U, A), (V, A)∈ τ. Then (U, A)∈ SSO(X) and (V, A)∈ SβO(X) and hence by hypothesis, we havescl(U, A)∩scl(V, A) =scl ((U, A)∩ (V, A) ). Consequently, by Theorem 4.3, we have (X, τ, A) is soft extremally disconnected space.
It should be noticed from Theorem 4.4 that i: (U, A)∈ {τ, SαO(X)} can be substituted for (U, A)∈ SSO(X).
ii: (V, A)∈ {τ, SαO(X), SPO(X), SSO(X), SBO(X)} can be substituted for (V, A)∈ SβO(X).
Some relations between types of soft sets via soft extremally disconnected space are shown by the following theorem.
Theorem 4.5. The following statements are equivalent for any soft topological space (X, τ, A).
1. X is soft extremally disconnected.
Every soft regular-closed subset of X is soft open in X.
3. Every soft regular-closed subset of X is soft α-open in X. 4. Every soft regular-closed subset of X is soft preopen in X. 5. Every soft semiopen subset of X is soft α-open in X. 6. Every soft semiclosed subset of X is soft α-closed in X. 7. Every soft semiclosed subset of X is soft preclosed in X. 8. Every soft semiopen subset of X is soft preopen in X. 9. Every soft β-open subset of X is soft preopen in X. 10. Every soft β-closed subset of X is soft preclosed in X. 11. Every soft b-closed subset of X is soft preclosed in X. Proof.
(1) ⇒ (2): Let (F, A) be any soft regular-closed subset of a soft extremally disconnected space X. Then (F, A) =scl(sint (F, A) ). Since (F, A) is soft regular-closed set, then it is soft closed and hence (F, A) = scl(sint(F, A)) =sint(F, A). Therefore, (F, A) is soft open set in X.
The implications (2) ⇒ (3) and ( K, A) ). Sincescl(sint(K, A)) is soft regular-closed set, then by (4),scl(sint(K, A)) is soft preopen and hencẽ scl(sint(K, A))⊆sint(scl(scl(sint(K, A)))) =sint(scl(sint(K, A))).
The implications (5) ⇔ (6), (6) ⇒ (7), (7) ⇔ (8), (9) ⇔ (10), (10) ⇒ (11), (11) ⇔ (12) and (14) ⇒ (15) are obvious. G, A) ) and hence (G, A)⊆sint(scl (G, A) ). Therefore, (G, A) is soft preopen set in X. Since the relation between soft regular-open and soft regular-closed sets are independent, but they are equivalent when a soft space X is soft extremally disconnected which is shown in the following remark. Proof.
(1) ⇒ (2): Let (F, A) be a soft β-open subset of a soft extremally disconnected space (X, τ, A). Then by (1) and Lemma 3.9, we havescl(F, A) =scl(sint(scl(F, A))) =sint(scl(F, A)) implies that (F, A) )). (X, τ, A) .
Hencescl(F, A) is soft regular-open set in
The implications (2) ⇒ (3), (3) ⇒ (4), (4) ⇒ (5), (5) ⇒ (6) and (6) ⇒ (7) are clear. Proof.
(1) ⇒ (2): Let (F, A) be any soft semiopen set in a soft extremally disconnected space (X, τ, A). Then by Lemma 3.5, we havescl(F, A) =scl(sint (F, A) ). Hencescl(sint (F, A) ) is soft open and thusscl (F, A) is soft open. Proof.
(1) ⇒ (2): In general, we havesscl(S, A)⊆scl(S, A) for every soft subset (S, A) of X. Thus, it is sufficient to show thatscl(F, A)⊆sscl(F, A) for each soft semiopen set (F, A) of X. Let (F, A)∈ SSO(X) and x/ ∈ sscl(F, A), then there exists a soft semiopen set (U, A) containing x such that (F, A)∩ (U, A) =φ and hencesint(F, A)∩sint(U, A) =φ. Since X is soft extremally disconnected, then we havẽ scl(sint(F, A))∩scl(sint(U, A)) =φ.
Since (F, A) is soft semiopen, then (F, A)∩scl(sint(U, A)) =φ. Sincescl(sint (U, A) ) is soft open set containing x. Thus, x/ ∈scl(F, A) and hencescl(F, A)⊆sscl(F, A). Therefore,sscl(F, A)⊆scl(F, A). F, A) ). Therefore,scl(F, A) =sint(scl (F, A) ). Consequently,scl(F, A) is soft open and hence X is soft extremally disconnected.
(2) ⇔ (4) and (3) ⇔ (5): These are clear by using complements. 
